The aim of this work was to elucidate the certain parameters (morphological, physicochemical) of terpene-indole alkaloids (TIAs) encapsulated human erythrocytes as a drug delivery system, and in addition to providing insight into the functional state of erythrocytes subjected to extracorporeal saturation with TIAs. Methods -A modified hypotonic pre-swelling method was implemented to obtain TIAs encapsulated erythrocytes. The content of entrapped TIAs in the erythrocytes was evaluated by a validated analytical method. The morphological and physicochemical properties of TIAs encapsulated erythrocytes were assessed by turbidity spectrum method and the osmotic resistance (OR) of encapsulated erythrocytes. Also, a series of in vitro tests have been carried out to characterize the drug release, haemoglobin leakage, and stability under storage condition. Results -TIAs loaded erythrocytes with drug encapsulation efficiency -vincristine sulfate (VCR) 42.963 ± 2.648%, and vinblastine sulfate (VLB) 44.266±2.432% were achieved by a modified pre-swelling hypotonic lysis method. Achieving higher TIAs encapsulation efficiency considerably essential in order to deliver a therapeutic success, however using improved encapsulation techniques have been achieved -VCR: 61.071±2.582% and VLB: 62.425±2.5288%, respectively. In the experiments, it was established, the morphological and physicochemical parameters of the obtained TIAs loaded erythrocytes were varied from the control erythrocytes in the order ~20-30%, although loaded erythrocytes can be stored at +4 0 C for 7 days while the encapsulate drug amount without falling below 95.964±0.472%. Conclusion -The stability and functionality of TIAs loaded erythrocytes were demonstrating relatively good performance with comparison to control erythrocytes and can be suggested to conduct in vivo experiment in animals for evaluating therapeutic potential compared to free drug forms.
Introduction
The dimeric terpene-indole alkaloid -vincristine sulfate (VCR) is used as an antitumor agent since the 1960s [1, 2] . Despite the therapeutic value of vincristine and vinblastine, the low selectivity of the drug action in the organism causes some undesirable effects. Excellent prospects in the field of antitumor chemotherapy are currently associated with the targeted delivery of drugs to the body, tissue or cells. Drug delivery systems play a significant role in improving the quality of chemotherapy in oncological disease. The development of new methods of drug delivery has become a topic of keen interest in chemotherapy.
Nowadays systems for the delivery of chemotherapeutic agents are very diverse, and each one has its advantages and disadvantages. Most types of the drug delivery systems (liposomes, dendrimers, nanoparticles, polymer conjugates, and so forth) have а synthetic nature and metabolism in the body can produce toxic products that can be invoked by toxic effects during elimination and other complications [3] [4] [5] [6] [7] [8] . Moreover, a technological point of view design and development of synthetic carriers is a highly costed process. Therefore, it is essential to develop more natural type systems which can be employed in different type of applications. In the first case, researchers were selected autolytic cells of the body (ex, blood cells), which are naturally origin as a carrier of various substances in the body. Biodistribution, Pharmacokinetics and biological activity are the key parameters, which are determining the success or failure of therapeutics. Many of the research and developments intended to improve their in vivo performance, aim at biodistribution, modulating therapeutic concentration, and targeting to organs, tissues, cells or subcellular compartments. Erythrocytes-based drug delivery systems are especially efficient in maintaining active drugs in circulation, in prolonged releasing them or in targeting drugs to select organs, tissued or cells. Erythrocytes can also be easily processed to entrap the desired active pharmaceutical ingredients before re-infusion into the same or matched donors. The first attempt of encapsulation chemicals compounds into the erythrocytes was made out by Gardos [9] , who tried to load ATP into the "erythrocyte ghosts" in 1953. The first reports on loading the erythrocyte ghosts by therapeutic agents (βglucosidase and β-galactosidase) for delivery purposes were published independently by Ihler [10] in 1973. As a drug delivery system (DDS), isolated cellular carriers (red blood cells (RBCs), lymphocytes, platelets, leukocytes, granulocytes, etc.) have some advantages in some aspects compared to the synthetic DDS: high biocompatibility, complete biodegradability, low probability of any undesirable immune reactions against the encapsulated drug, the drugs which are carrying by cells can circulate intravascular over an extended period.
Advantages and disadvantages of the cellular carrier (CC) Advantages [9, [11] [12] [13] :
i) A higher degree of biocompatibility -there are no any other toxic metabolites generated after the complete biodegradability of CC [13] . ii) There is a low probability of undesirable immune reactions against encapsulated drugs. iii) Substantial protection of the body from unwanted effects of drugs (antineoplastic agents). iv) The possibility of prolonging the action of the drug, as well as RBCs (erythrocytes), can circulate in the bloodstream for a long time. v) CCs can protect against inactivation of the encapsulated drug from endogenous factors. vi) The possibility of modification of pharmacokinetics and pharmacodynamics parameters of the medicament. vii) The ability to maintain a constant therapeutic dose for an extended period can significantly increase the dosage interval of the drug. viii) The possibility of encapsulating a relatively high amount of the drug into small amounts of red blood cells. ix) The ability to maintain approximately ideal zeroorder encapsulated drug release kinetics. Disadvantages [9, 14, 15] :
i) The main problems arising from the use of biodegradable materials or natural cells as drugs carriers they can be eliminated in natural conditions by reticuloendothelial system (RES), as a result of the integrity damage of the CC membrane. However, this defect can be eliminated with the help of different encapsulated technology. ii) Rapid release of encapsulated drugs is possible.
However, this kind of defect can be eliminated with the aid of various linkers. iii) Specified conditions and facilities are needed for the storage purposes.
The shape of erythrocytes in a normal unshared condition is flexible biconcave discs with a cell diameter of ~7.0 to 10.0 μm and ~2.0 μm thickness [14, 16, 17] (Figure 1 ). The biconcave disk shape of the RBCs endowed the highest surface area to volume ratio (SA/V), which facilitates large reversible elastic transformation into any arbitrary shape and enables large deformations, and it is important in order to the maintaining of erythrocyte gas exchange function. The surface area (SA) of the mature biconcave erythrocyte is about 136 μm 2 , cell volume ~90 fL, and still can swell to a sphere shape volume of approximately 150 fL. Also, this unique cell form has a high degree of flexibility necessary for the passage of red blood cells through capillaries in diameter 3-4 μm, without undergoing extensive remodeling [18] . The membranes of erythrocytes withstand high shear stress, rapid elongation and folding in microcirculation and deformation as the erythrocyte passes through small fenestration of the spleen [19] . The erythrocyte membrane has a specialized structure consisting of a basic plasma membrane composition, including lipids, proteins (membrane skeletal proteins such as glycophorin A, B, C), and carbohydrates. The proteins of the membrane skeleton are responsible for the deformability, flexibility, and durability of the red blood cell. Erythrocytes cell membrane structure is playing a vital role in order to maintain the integrity of erythrocytes when exposed to high rates of shear in the circulation, as well as the reticuloendothelial system (RES) [20] . The RBC membrane is strictly connected with skeletal cell membranes proteins, which are organized in a uniform shell and it confers to cell undergo some reversible transformations. An essential determinant of RBC survival is its deformability, an inherent viscosity (mainly contributed by RBC haemoglobin), the surface area /volume ratio of the cell and the intrinsic deformability of the membrane are the key factors affecting the erythrocytes deformability. When decreasing the osmolality in the surrounding environments, the red blood cells become cup-shaped and, finally, spherical [20, 21] . This type of swelling process lay at the basis of the most implemented methods exploit to load medicaments or other active pharmaceutical compounds into the erythrocytes. Finally, red blood cells have been considered by several researchers use as circulating bioreactors for the degradation of toxic metabolites or the inactivation of xenobiotics, as drug delivery systems, as carriers of antigens for vaccination, and in several other biomedical applications. Generally, erythrocytes can be used as carriers in two main directions [22] :
i) The orientation of a particular tissue/organ -in this case, the membrane and cytoskeleton elements of the erythrocyte use as a carrier. The erythrocyte devoid of cytoplasmic contents is obtained by hypotonic lysis, and after the encapsulate, which are preserving the original morphology. Such posthemolytic plasma membranes of erythrocytes sometimes called "erythrocytes ghosts" [23, 24] .
ii) The continuous or prolonged drugs release, erythrocytes can be used as a continuous or sustained release system that provides a prolonged effect. There are various methods for encapsulating drug substances into the erythrocytes. They remain in the circulating bloodstream for extended periods of time (up to 120 days) and release the encapsulated medicinal substances at a slow and constant rate.
There are a few methods used for the entrapment of drugs into erythrocytes, osmotic lysis, electric field lysis (electroporation) and dialysis are the standard methods in use [25] (Figure 2) . Figure 3 demonstrates the steps involved in the osmotic lysis and resealing process of erythrocytes. In the presence of hypotonic solution (low osmotic pressure), water enters into the erythrocytes and swells the cells. The erythrocytes can swell in size up to 1.6 times from the original volume before sufficient stress develops to rupture the membrane and cause the appearance of pores in the cell membrane. The occurred membrane pores are 200-500˚A in size and can be allowed equilibration of the intracellular and extracellular medium. The period that these pores remain open is uncertain, however, at 0˚C the pores are open long enough to provide partial equilibration of the intra and extracellular medium. Extracellular substances may enter the erythrocytes at the same time that the intracellular substances can exit during hypotonic hemolysis. The substances that may enter the swelled cells are low-molecular-weight compounds such as drugs, macromolecules such as proteins and enzymes, and even relatively large structures such as viruses. Advancing the solution hypotonicity to isotonicity and incubating the erythrocytes at 37˚C causes the pores to close and restore the osmotic properties of the erythrocytes membrane. After resealing, exogenously administered substances are remain in the erythrocytes, which can be performed as containers or carriers for the entrapped compounds in vivo.
Strategically, these facts gave the potential stimulation to investigate the possibility to use cellular carriers (erythrocytes, leukocytes, monocytes, and so forth) as a delivery system for vincristine and vinblastine to improve the efficacy of these drugs. In the process of encapsulation, the corresponding pharmacological active substances can damage the integrity of red blood cells. Severely damaged red blood cells can be quickly eliminated from the bloodstream with macrophages in the RES, however, there are some successful experiments carried out by different researchers, which were used the erythrocyte as a drug delivery system for the various classes of drugs (antibiotics, antineoplastic, enzymes, and so forth) [22] . Nevertheless, the effects on the morphological and functional properties of erythrocytes after the extracorporeal saturation with therapeutics still remains unclear.
The efficiency of RBCs as a carrier is directly dependent on the extent of damage to morphological and physicochemical properties of encapsulated red blood cells. The in vitro studies of TIAs loaded erythrocytes are allowing to predict the behavior of TIAs loaded erythrocytes in the body. The primary purpose of this work was to evaluate the parameters (morphological, physicochemical) of TIAs encapsulated human erythrocytes, and study the functional state of erythrocytes subjected to extracorporeal saturation with TIAs. 
Material and Methods

Reagents and chemicals
Isolated human erythrocytes were used to encapsulate TIAs drugs. In the study the following reagents were used: Vinblastine-LANS® (LENS-PHARM, Russia) and Vincristine-Teva (Teva Pharmaceutical Industries Ltd, Israel), VERO Vincristine (LENS-Pharm, Russia), Vincristine-Richter (Gedeon Richter Ltd, Hungary), Adenosintriphosphate sodium (Biomed, Russia), which are meet all the requirements of the current regulatory documentation in Russia, were purchased on the domestic market in Voronezh.
In the modified encapsulation processes, Polyethyleneglycols (PEG) 4000 and PEG-400 (Sigma-Aldrich Germany) and 99% solution of Dimethyl Sulfoxide (DMSO) (TATHIMPHARM Preparations, Russia) were used.
All chemicals, reagents and solutions corresponded to the purity requirement "Analytical Reagent." Donors blood was collected from the analytical laboratory of the clinical hospital and after the sample was collected immediately stored in a refrigerator at +4˚C until the time of use.
Instruments and appliances
The quantitative analysis of TIAs was carried out employing a previous validated analytical method. In these experiments were used Thermostat TS-1/20 SPU (Russia), Centrifuge OPN-8 (Russia), Hitachi Ratio Beam Spectrophotometer U-1900 (Japan) and SF 2000-01 (Russia), Levenhuk 870T Trinocular microscope (USA), pH meter model 150М(Russia), Refractometer IRF 454 B2М (Russia).
Data processing was conducted by using software packages, Microsoft Excel 2016 (Microsoft, USA) and Origin Pro 2015 (OriginLab Corp., USA).
Statistical analysis
The quantitative determination method is developed based on the model mixtures, in which are the content of the substance to be determined was known. Received results were processed in accordance with the requirements and use the package of application software Origin Pro 2015 (OriginLab Corp., USA), Statistica 12.0 (Statsoft, USA) and Microsoft Excel 2016 (Microsoft, USA). The significance of the differences in the average values was estimated by the criteria Student and Mann-Whitney. The relative error of the average measurement result was estimated using the Student's distribution criterion:
where t(P, f) is the Student's test (definitions by tables); nnumber of observations; � -the arithmetic mean; f (degree of freedom) = n-1; p -reliability. Calculation and statistical evaluation of the linear dependence parameters were carried out according to the requirements of the general pharmacopoeial article GPA.1.1.0013.15 in Russia.
Allogeneic erythrocytes isolation
In the experiments were used blood samples (anticoagulated with heparin 5000 IU/ml), withdrawn from healthy volunteers. Erythrocytes were isolated from human peripheral blood samples using the method of Boyum (1968), which was based on sedimentation in a single-stage ficoll-urographin density gradient. Ficoll is in this mixture acts as an erythrocytes aggregating agent, and isopak (or urographine) is needed to create solution isotonicity and adjust the solution density to 1.077 g/cm 3 . About 2.0 ml volume of heparinized blood sample was diluted with 2 times volumes of 0.01 M Na-phosphate buffer; after that, the cell suspension was gently poured into a centrifuge tube with 3.0 ml of ficoll on the bottom. The cell suspension was centrifuged at 400 g (2,000 rpm) at 20°C for 40 minutes. After the centrifugation plasma and the leukocytes layer were carefully separated, the isolated erythrocytes were washed several times with 0.01 M Naphosphate buffer and centrifuged at 3,000 rpm for 10 minutes. The supernatant was discarded, and the isolated erythrocytes were resuspended in isotonic NaCl solution containing 3% (w/v)) dextran and stored in a refrigerator at +4°C until the time of use. Before the applications, the red blood cells were centrifuged at 3,000 rpm for 5 minutes; the supernatant was discarded. The packed erythrocytes were resuspended in a 0.9% solution of sodium chloride and centrifuged at 3,000 rpm for 10 minutes (this procedure was repeated at least three times). The presence of other uniform cell elements in the erythrocyte suspension was controlled using light-emission microscope.
Encapsulation of TIAs drugs in erythrocytes
A modified hypo-osmotic lysis method was employed to TIAs encapsulation. The method is represented by the following procedures: i) Isolation erythrocytes, leukocytes, and platelets from blood plasma removing leucocytes and palettes from blood cells fraction, washings isolated erythrocyte suspension several times. ii) Carry out the hypotonic lysis of isolated erythrocytes. iii) Perform complete lysis and encapsulates TIAs drugs into erythrocytes, then re-sealing the red blood cells. iv) Additional rinsing of lysed re-sealing red blood cells to remove non-encapsulated drugs. v) Resuspension encapsulated erythrocytes in plasma or Phosphate-buffered saline solution (PBS). 
Stages (Figure 4)
1) Erythrocytes swelling were performed with 1.0ml of isolated erythrocytes (packed erythrocytes). About 4.0 ml volume of 0.65% NaCl solution (hypo-osmotic solution) cooled down to 00c was added into 1.0 ml packed erythrocytes (no visible hemolysis was observed at this concentration), and the resulted cell suspension was incubated for 5 minutes at 0°C. After the incubation period cell suspension was centrifuged at 8,000 rpm for 5 minutes to recover the swollen cells.
2) After centrifugation, the supernatant was discarded. 8.0 ml (total volume) aqueous solution of TIAs drugs (vincristine sulfate and vinblastine sulfate -125 μg/ml, 250 μg/ml, 275 μg/ml) cooled down to 00C was added under constant agitation to the recovered swollen cells (drug solution was added until the cells reach lysis point). 500 µl volume of drug solution was found to be sufficient to bring the cells to the lysis point. Further addition of drug solution resulted in complete lysis of cells, which was observed during the process by optical microscope).
3) The resulted cell suspensions were incubated for 20 min at 4°C. After the incubation period, 1/9 volume part (1.0 ml) of 9.0% sodium chloride solution was added to restore the integrity of the erythrocyte membrane and incubated at 37°C for another 30 min. In some cases, additional volumes of hypertonic sodium chloride solution have to be added to restore the RBC integrity. 4) After the inclusion of the drugs into erythrocytes were washed twice with isotonic sodium chloride solution, to remove the released hemoglobin and the non-entrapped drugs, followed by precipitated at 8000 rpm for 10 minutes at room temperature.
5) The precipitated TIAs encapsulated erythrocytes were resuspended in 1.0 ml volume of Na-phosphate buffer solution (pH 7.4) with 3.0% dextran and store in the refrigerator at +4°C.
Assessment of TIAs encapsulation efficiency
The drug encapsulation efficiency is a significant indicator in evaluating and the ensure quality of the drug-loaded erythrocytes forms. The encapsulation efficiency (E%) of theTIAs drugs can be defined as E% = (m*100%)/M, where m -the total amount of encapsulated drugs (mg, μg), M -the total amount of drugs added into the incubation medium (mg, μg).
A previously validated analytical method was used for the quantitative analysis of TIAs (VCR, VLB) [9] . The ultraviolet (UV) spectral characteristics of TIAs (VCR, VLB) had been implemented to the identification of TIAs in the analytical probes. The analytical method is based on the spectrophotometric characteristics of C. roseus alkaloids absorption spectrum in the UV regions, VCR and VLB have a maximum absorption peak λ(max) at 295 nm for vincristine and λ(max) at 268 nm for vinblastine in the purified water [7] . The metrological characteristics of the calibration curves of the analytical method were y = 0.0195x + 0.0112 for VCR and y = 0.0192x + 0.0115 for VLB respectively, where x -the optical density of the analytical probe at the appropriate wavelength, 295 nm for VCR and 268 nm for VLB.
Sephadex-G25 filled columns were applied for the drugs isolation from the analytical probes. The quantitative content of TIAs in loaded erythrocyte was determined after complete hemolysis of the drug-loaded erythrocytes in the hemolysate and also in the discarded supernatants (I) after the TIAs encapsulation process.
As a result, the contaminant substances contained in the biomaterials (plasma proteins, etc.), directly determination TIAs in the biological material (blood, plasma, etc.) is problematic, therefore the isolation TIAs drugs from the concomitant substances were used gel filtration method. About 1.0 ml of TIAs loaded erythrocytes suspension after the two times washed with isotonic NaCl solution was added 7X times volume (7.0 ml) of distilled water. Moreover, erythrocytes hemolyzed under continuous freezing and thawing process by two times, after that resulted suspension was heated in a water-bath at 80˚C to achieved complete rupture of the erythrocytes (approximately 10 minutes). After that, the resulted suspension was cooled until to the room temperature and centrifuged at 2000 rpm for 30 min, the supernatant was collected and filtered using a paper filter. About 2.0 ml of 30% trichloroacetic acid was added into the filtrate, mixed and centrifuged again for 5 minutes at 8,000 rpm. The supernatant was collected and neutralized. The TIAs (VCR, VLB) contain in the decanted supernatant was isolated using the gel filtration method. The collected drugs contain fractions were analyzed by a Hitachi Ratio Beam Spectrophotometer U-1900 (Japan).
Study of alternatives for the enhancement of TIAs encapsulation efficiency
Some physical factors of the external environment like the concentration gradient, electrochemical gradient, electrostatic gradient (for filtration processes), osmotic gradient, solubility gradient at the boundary of two immiscible phases, for example, lipid and aqueous substances can make an important impact on the passive penetration of substances through the erythrocyte membrane. Efficiency of erythrocyte loading can be influenced by internal osmotic pressure and external environment of erythrocytes. Create a large, transient osmotic gradient across the erythrocyte membrane can affect the efficiency of the encapsulation of the molecule within the erythrocytes. Polyethyleneglycol (PEG) and Dimethyl Sulfoxide (DMSO) were utilized to create a high osmotic gradient through the erythrocyte membrane.
Encapsulation TIAs into erythrocytes in a modified incubation medium containing PEG
Pre-swelling hypo-osmotic lysis method was employed for the TIAs encapsulation and carried out in an incubation medium containing PEG-4000 and PEG-400. PEG has the ability to increase osmotic pressure in the incubation medium and ability to stabilized erythrocytes membrane. The TIAs encapsulation was performed in the incubation medium containing different concentrations of PEG-400 and PEG-4000, and the other conditions and encapsulation procedure have been remained unchanged. The drug-loading process was carried out by adding solutions containing TIAs: PEG (w/w): 1:5, 1:10, 1:20; 1:50; 1:100 (TIAs drugs -VCR and VLB were dissolved in PEG aqueous solutions according to the above indicate concentration ratios).
The osmotic pressure in the incubation medium can be calculated by the following formula: P = i CRT where i -the isotonic coefficient of the solution; C -the molar concentration of the solution (mol/m³); R -the universal gas constant; T -the thermodynamic temperature of the solution.
The calculated osmotic pressure values in the different incubation mediums are presented in Table 3 and Figure 5 .
The encapsulation efficiency assessment procedure has been remained unchanged as previously described.
Encapsulation TIAs into erythrocytes in modified incubation medium containing DMSO
In this case, TIAs encapsulation was carried out in a modified incubation medium containing DMSO, with the concentration 2 mg/ml; the other conditions have been remained unchanged. VCR and VLB were dissolved in 2 mg/ml DMSO aqueous solutions. The encapsulation efficiency of TIAs in erythrocytes was evaluated using the previously described methods.
Encapsulation TIAs into erythrocytes in modified incubation medium containing adenosine-5'-triphosphate
Adenosine-5'-triphosphate (ATP) is the primary energy source, which is using in the erythrocytes, participates in maintaining their shape and volume. Intracellular ATP concentration is ~10 -3 M, and in the blood plasma it does not exceed 10 -6 M. The energy releasing during the hydrolysis of the high-energy phosphate bond on ATP molecule, provides an active transport of cations through the membrane, maintaining the optimal ratio concentrations of K + and Na + (maintenance of normal operation of Na + /K + channels), preservation of the shape and integrity of the erythrocyte membrane and formation membrane potential of erythrocytes. The presence of ATP is essential in maintaining the biconcave shape of erythrocytes and also significantly affects the erythrocytes deformability. In the absence of ATP, erythrocytes loss its biconcave shapes and become flattened echinocytes. In this experiment, the TIAs encapsulation into erythrocytes was performed in the presence of a high concentration of ATP (2.2 mg/ml) in an incubating medium. Moreover, the other conditions and encapsulation procedure have been remained unchanged.
ATP has maximum absorption in the UV region λ(max) at 260 nm, and it makes more difficult to detect VLB in the analytical probes, which has a maximum absorption at a wavelength 268 nm in the purified water. After the gel filtration process, ATP content in the obtained filtrate rather higher than TIAs, and it interferes the detection of TIAs in the probes directly. Before the employ spectrophotometric method detection of TIAs, it is necessary to isolate TIAs from ATP contained in the filtrate. TIAs drugs: VCR and VLB are fairly dissolved in chloroform (1 part to 30 parts of chloroform), ATP practically did not dissolve. The extraction method was employed for the TIAs isolation based on their solubility characteristics in chloroform. After the extraction, TIAs was determined by UV spectroscopy.
In vitro study of morphological and physicochemical properties of TIAs loaded erythrocytes
To evaluate the surface architectonics of erythrocytes were used optical microscopy. TIAs loaded erythrocytes were observed under an oil immersion lens with an optical microscope Levenhuk 870T Trinocular (USA). Using the Toupviwe PC program, the diameters of TIAs loaded and control erythrocytes (n-100) were calculated.
To determine the morphological and physicochemical properties of TIAs encapsulated erythrocytes were applied the turbidity spectrum method and the assessment of osmotic resistance of erythrocytes (ORE) in a low osmolarity medium. Variations in the morphological and physicochemical parameters of TIAs encapsulated erythrocyte were examined, and as a control probe was used freshly isolated erythrocytes incubated in an isotonic NaCl solution at 37˚C.
The turbidity spectrum method is based on the fact, that the light passing through a dispersed system is scattered by suspended particles and the optical density of the suspension depends on the size, concentration of particles dispersed in the medium, the wavelength of light and the relative refractive index of the particles, which depends on the physiological state and chemical composition of the particles. The advantage of the turbidity spectrum method in determining the characteristics of erythrocytes of the disperse phase, the absence of complex instrumentation and the possibility of calculating the erythrocytes size, their numerical concentration and, respectively the total surface area. The ORM technique is accurate, objective, easily feasible and, most importantly, allows us to characterize not only the minimum and maximum resistance of erythrocytes but also the dynamics of hemolysis.
In this experiment was established, 0.01 M Na-phosphate buffer with pH 7.4 is an adequate solution for the incubation of RBCs, and TIAs encapsulated erythrocytes. Erythrocytes can retain their functional properties for several days in this solution. The turbidity spectrum usually represented as a graph, which are plotted values of the system turbidity (τ) dependence on the wavelength (λ) of incident light. The graph dependence can be defined as τ = (2.3A)/l, where, A -the optical density, l -the length of the cuvette cell (cm).
The size (radius) of erythrocytes is calculated after the experimental determination of the relative refractive index of erythrocytes -μ ery . The dependence can be defined as:
) -the radius of erythrocytes, m -the relative refractive index of the medium, (m = μ ery /μ 0 ), μ ery -the relative refractive index of erythrocytes, μ 0 -the relative refractive index of the incubating medium, α -function of relative dimension (α = 2πr/λ).
The relative refractive index of erythrocytes was determined by the refractometric method. A series of incubation medium was prepared with the relative refractive index (μ 0 ) was in the range 1.3-1.4 with 0.01 gradient. The relative refraction index of the medium was adjusted by dissolving the different amount of PEG-4000 in the incubating medium. The relative refractive index (μ 0 ) is measured in a refractometer model IRF-454 B2М (Russia). 0.2 ml volume of control and TIAs encapsulated erythrocytes are diluted to 2.0 ml by adding Na-phosphate buffer, and 0.1 ml volume of dilute erythrocyte suspension is added to each incubation tube (total volume of incubation medium -5.0 ml), thoroughly mixing until the red blood cells are completely dispersed.
After that, the optical density of each suspension was measured in the Hitachi spectrophotometer at the wavelength range (λ) -600-900 nm with 10 nm gradient, the wave exponent (n) of each suspension was calculated from the resulted absorption spectrum.
The value of α was determined using the table, which is presented as the calculated value of n = n(α) published in the monograph by Klenin et al. [26] . Further, μ ery is determined by extrapolation of the approximated trend line to the abscissa using the plot of √ dependence on the relative refractive index of medium (μ m ).
The parameters of erythrocytes were calculated as follows: 1) The numerous concentrations of erythrocytes in a single volume (1cm 3 ) are determined by:
where, K -the scattering coefficient, is given in the monograph by Klenina et al. [26] . 8) Calculation of surface area (SA) of an erythrocyte: For the practical purpose of this experiment, it would be useful to find approximated models which give formulas based on diameter and thickness. According to that, it has been proposed to consider that the diameter squared of an erythrocyte determines the size of its surface area, while the thickness does not have a major influence. The spheroid with concave caps model of the erythrocytes was used to the SA calculation.
Volume of erythrocytes was calculated [27] by
where, e = 2√9 2 −4 2
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, t -thickness, d -diameter.
The thickness (t) of erythrocytes calculate by t = 4 2 .
In vitro study of osmotic resistance of TIAs loaded erythrocytes
To determine the osmotic resistance of TIAs loaded erythrocytes (ORE) was used freshly prepared TIAs loaded erythrocytes. The minimum resistance of erythrocytes is determined using the maximum concentration of a hypotonic (less than 0.85%) sodium chloride solution which begins the slight hemolysis in the erythrocytes within 1h incubation period at 37˚C. The maximum resistance of erythrocytes is determined by the maximum concentration of a hypotonic solution of sodium chloride that causes complete hemolysis of erythrocytes within 1h incubation period at 37˚C. 0.5 ml of the TIAs loaded erythrocytes was diluted to 2.0 ml by adding the isotonic Na-phosphate buffer (pH 7.4). Stepwise decreasing sodium chloride solutions were prepared with the following concentrations: 0.90%, 0.80%, 0.70%, 0.65%, 0.60%, 0.50%, 0.40%, 0.30%, 0.20%, and 0.10%. 0.02 ml of the diluted erythrocytes suspension was added into each tube contain 5.0 ml volume of NaCl solution and incubated for 60 minutes at 37°C.
After the incubation, the erythrocytes suspension was centrifuged at 2,000 rpm for 5 minutes, and the supernatant was collected accurately. The optical density of the decanted supernatant (allocated hemoglobin) was determined at a wavelength of 500-560 nm (with green light filter) in a cuvette with an optical path length of 1 cm against the control sample. Freshly prepared 1% sodium chloride solution was used as control solution for spectrophotometry. Theoretically, hemolysis of erythrocytes occurred in the 0.1% sodium chloride solution considered as complete (100%) hemolysis of erythrocytes. The hemolysis index in each sample was calculated by the formula:
Hemolysis index (%) =E x /E i *100%, where E i -the optical density of 0.1% solution of sodium chloride; E x -the optical density of the analyze sample.
In vitro drug release analysis of TIAs loaded erythrocytes
To define the stability of possible desorption and excretion of encapsulated TIAs to the bloodstream, the following experiments were carried out. About 1.0 ml volume of encapsulated erythrocytes washed twice with an isotonic sodium chloride solution and after that incubated in 9.0 ml isotonic buffer at 37°C: 5 minutes, 10 minutes, 20 minutes, 40 minutes, 60 minutes, 120 minutes, 240 minutes, 360 minutes. After the period of each incubation period, erythrocytes were centrifuged at 2,000 rpm for 5 minutes, and a certain amount of supernatant (8.0 ml) was collected for analysis and replaced by the same amount of fresh isotonic buffer. TIAs drugs contained in the discarded supernatant were isolated by using the gel filtration and TIAs (VCR, VLB) in the filtrate was analyzed using a Hitachi Ratio Beam Spectrophotometer U-1900 (Japan) at an appropriate wavelength under the room temperature.
In vitro hemoglobin leakage of TIAs loaded erythrocytes
Assessment of the in vitro outflow of hemoglobin from TIAs loaded erythrocytes were carried out in the same manner as in the in vitro drug release. The supernatants were withdrawn at a regular interval, and absorbance was recorded at 540 nm. The isolated unencapsulated erythrocytes incubated in Na-phosphate buffer (pH 7.4) at 37°C were used as a control. Allocations hemoglobin from the encapsulated erythrocytes was calculated as the ratio of content hemoglobin in the control sample after the complete hemolysis (9.0 ml volume of purified water was added to 1.0 ml freshly isolated unencapsulated erythrocytes and performed complete hemolysis). Hemolysate was centrifuged at 5,000 rpm for 20 minutes and containing hemoglobin in the discarded supernatant was considered as the situation of 100% release of hemoglobin).
The assessment of the TIAs encapsulated erythrocytes stability during the storage
In this experiment, TIAs encapsulated erythrocytes were incubated in Na-Phosphate buffer at various temperatures. Stability of TIAs loaded erythrocytes was determined by the hemoglobin release index from erythrocytes during the storage period. Degrees of hemolysis of erythrocytes indicate that the ability to preserve the integrity of erythrocytes during storage. Erythrocytes with higher hemolysis index have indicate the scale of the destruction of the erythrocytes integrity, and damage erythrocytes will have lost the ability to maintain the encapsulated dose of TIAs drugs in the erythrocytes.
Assessment of the hemolysis index of TIAs encapsulated erythrocytes:
1) A series of 10 ml of Na-Phosphate buffer solutions, which is contains 24 samples were added 0.5 ml volume of TIAs encapsulated erythrocytes into each samples and stored at +4°C, +10°C, +15°C, and at room temperature for the different period (1 day, 3 days, 6 days, 1week, 2 weeks, 3 weeks, and 4 weeks).
2) A certain amount of supernatant (8.0 ml) was taken from each sample, therefore 0.5 ml of the decanted supernatant was diluted to 10 ml with Na-Phosphate buffer, and the optical density of the resulting solutions was measured at wavelength 540 nm in Hitachi Ratio Beam Spectrophotometer U-1900.
3) The control sample was prepared, as following: freshly isolated 0.5 ml of erythrocytes after 2 times washed with an isotonic solution was incubated in Na-Phosphate buffer at the appropriate temperature for 6 hours (every time used freshly prepared control samples obtained under the identical conditions).
The hemolysis index was calculated by the formula: K (HI) =D (TIA-Ery) )/D 0 , where K (HI) -hemolysis index, D (TIA-Ery) -the optical density of the analyzed probe, D 0 -the optical density of the control probe. 
The study of the TIAs loaded erythrocytes to maintaining encapsulate drugs during the storage studied as follows
About 1.0 ml of TIAs encapsulated erythrocytes were incubated in 10 ml of Na-Phosphate buffer and stored at +4°C for the different period (1 day, 3 days, 6 days, 1 week, 2 weeks, 3 weeks, and 4 weeks). After every storage period remains drugs in the encapsulated erythrocytes were determined and calculated applying previously described method under the topic "assessment of TIAs encapsulation efficiency".
Results
The VCR and VLB were demonstrating rather closer encapsulation efficiency into the erythrocytes. Observed results (Tables 1 and 2) are shown the impact, which made by storage period of isolated erythrocytes to TIAs encapsulation efficiency. It can be seen that the isolated erythrocytes after the more than 24 hours storage period, showing significantly reduced TIAs encapsulation efficiency (VCR -32.449±2.174% and VLB -31.215±3.503%), compared to freshly isolated red blood cells (VCR -42.963±2.648% and VLB -44.266±2.432%), P<0.05 (data presented as mean with standard deviation -M±SD). In the comparative data, which are demonstrated the encapsulation efficiency of TIAs on average can be seen during the encapsulation process run to waste a fairly amount of TIAs drugs. Such a case in a pharmacological, technological and economically point of view are not beneficial. Therefore, it was necessary to study the possibilities to the improvement of the encapsulation efficiency of TIAs drugs into erythrocytes carriers.
Data presented in Table 3 and Figure 5 can be seen the osmotic pressure was produced by different concentration of PEG-4000 and PEG-400 in the incubation medium. In the conducted experiments were observed the TIAs encapsulation efficiency into erythrocytes was considerably increased in the modified incubation medium with PEG. It was found (Table 4 ) that the encapsulation efficiency VCR in mean value: 53.302±15.314% and VLB -46.106±8.707% (P<0.05). When it comes down to the results evidence, It was noticed, that the efficacy of TIA encapsulation is significantly reduced at high PEG concentrations (TIA: PEG -1:50, 1:100) in the incubation medium ( Figure 6 ). Moreover, the maximum encapsulation efficiency was achieved at TIAs: PEG ratio 1:20 for VCR -65.699% and VLB -55.857% (P<0.05). Moreover also, in the modified incubation medium with DMSO (2.0 mg/ml) was shown a high TIAs drugs (VCR, VLB) loading efficiency ( Table 5 ). According to the data, in the modified medium with DMSO can notice 15-20% increments of encapsulation efficiency compared to unmodified incubation medium (in the absence of an aprotic solvent). In the experiment, it was established that the encapsulation efficiency of the VCR in the modified incubation medium can achieve (with an aprotic solvent) -61.070±2.582% and VLB -62.425±2.529% (P<0.05). Also (Table 6, Figure 6) showing that the efficacy of TIAs encapsulation in the modified medium with ATP (2 mg/ml) was increased 5-7% compared to the encapsulation efficiency in the unmodified medium: VCR -49.608±4.247% and VLB -49.228±5.859% (P<0.05), respectively. Optical-microscopic studies have shown that the TIAs encapsulation into erythrocytes was accompanied by unexpressed changes in erythrocytes. In this study established that the diameter of the TIAs loaded erythrocytes decreases by ~1.0-1.5 μm compared to the control erythrocytes, while the average values were found: d = 7.269±0.460 μm and 8.553±0.624 μm (P<0.05) for loaded and unloaded erythrocytes, respectively ( Figure 7 ). Using the turbidity spectrum method, the diameter of the control erythrocytes was determined: d -8.454±0.119 μm and TIAs encapsulated erythrocytes d -7.433±0.479 µm (P<0.05). The results obtained by the turbidity spectrum method and the optical microscopy method approximately coincide, and it confirms the authenticity of the obtained results. Physicochemical properties of TIAs encapsulated erythrocyte and control erythrocytes were studied. In the comparative analysis of physicochemical parameters of TIAs encapsulated and control erythrocytes, were established the index of relative refraction (m) of control erythrocytes -1.110±0.0001, and TIAs encapsulated erythrocytes -1.115±0.001 (P>0.05). The absolute refractive index of the control erythrocytes (μ ery ) was 1.482±0.0005, meanwhile, TIAs encapsulated erythrocytes -1.489±0.001 (P>0.05). The calculated concentration of erythrocytes (N) in the control sample was 6.070±0.010 ×10 7 cm -3 , and for TIAs encapsulated erythrocytes sample -7.570±2.050 ×10 7 cm -3 (P>0.05) respectively (Table 6a ).
The permeability of erythrocyte membranes was studied based on the occurred variations of three physicochemical parameters: concentration (%) and content of the dry substance in erythrocyte (pg) and water content in erythrocyte. In this research, to assess the permeability disturbances of erythrocyte membranes, we proposed an erythrocyte membranes permeability index (EMPI), which is formulated as the ratio of the water content in erythrocyte (Cw) to the concentration of dry matter in the erythrocyte (C%). The calculated EMPI of control erythrocytes was 1.326±0.002, and in TIAs encapsulated erythrocytes an average EMPI value 1.458±0.025 (P>0.05) respectively (Figures 9 and 10) . Also, in the calculated data, it can be seen V RBC of encapsulated erythrocyte have been decreased approximately ~20% to the maximum from the control erythrocytes. Herewith, volume of an encapsulated erythrocyte in the incubation medium with PEG was shown fairly closer value compare to the control erythrocyte, as noticed volume of the encapsulated erythrocytes in the modified incubation medium with PEG was 82.245 fl and the control erythrocytes -81.892 fl respectively, and a minimum volume of erythrocyte noticed with VLB encapsulated erythrocytes as V RBC -65.769 fl. It can be noticed in Table 6a , the water content in the erythrocyte after the encapsulation process was decreased 1.5-2.5% than the control erythrocytes (Cw -50.139±0.044%).
ORE is an important indicator which was giving important information about the stability of red blood cells and their morphological and physicochemical properties; less stable erythrocytes begin to break down earlier than normal red blood cells in the hypotonic NaCl solution. Stability of erythrocytes varies with the morphological and physicochemical properties of erythrocytes. In Figure 11 , it can be seen that the hemolysis index of TIAs encapsulated erythrocytes is slightly higher than the control erythrocytes, this indicates the occurred changes in morphological and physicochemical properties of TIAs encapsulated erythrocytes within the encapsulation process. According to the data can see TIAs encapsulated erythrocytes are hemolyzed approximately ~60% at a 0.40% NaCl solution, and the control erythrocyte ~30% in the same condition. Also in Figure 11 , it is seen that the TIAs encapsulated erythrocytes in a modified incubation medium with PEG (TIA: PEG -1:20) shows a slightly lower hemolysis index than in an unmodified incubation medium. It is also seen that the TIAs encapsulated erythrocytes in a modified incubation medium with PEG, shows a slightly higher expression of resistance, rather than erythrocytes, encapsulated in an unmodified incubation medium. Such observation indicates that PEG can stabilize and minimize cell membranes damages of red blood cells during the encapsulation process.
It is well known, that an increase in erythrocyte aggregation worsens blood flow in micro-vessels and oxygenation of tissues, contributes to the development of thrombosis and ischemia. Spontaneous aggregation of erythrocytes in autologous plasma was investigated by optical microscopy in the Goryaev chamber, determining the percentage of free (non-aggregated) cells in the suspension and the average aggregate size (Figure 12 ). In the microscopy study, it was established that the non-aggregating TIAs encapsulated erythrocytes was in average 56.71% and the control erythrocytes 58.44% from whole counted cells. The results were obtained do not deviate from the erythrocyte aggregation index in normal 40-60%. Some additional data are presented in Tables 7-11 . In vitro drug released from encapsulated erythrocytes were examined, and it was established VCR -48.442±9.520% and VLB -63.512±3.901% (P<0.05) from the encapsulated erythrocytes was released during 6 hours at 37°C. In Figures 13 and 14 can be seen after 1h drug released from the encapsulated erythrocytes were maintaining approximately constant drug release during few hours. Moreover, also shows that the slow drug release from the erythrocyte encapsulated in the modified incubation medium with PEG and DMSO than the encapsulated in the unmodified medium. The drug release constant (k) and regression coefficient (R²) calculated using first order, zero order, and Higuchi models are shown in Figure 15 , and the drug release kinetics indicated that drug release from encapsulated erythrocytes was best supported by Higuchi's equation, as it presented the highest linearity (R 2 ), but a close relationship was also prominent with zero-order kinetics (R 2 ) ( Table 12 ). The results presented in Table 13 and Figure 16 , was shown that the release of hemoglobin from TIA encapsulated erythrocytes compared to nonencapsulated erythrocytes is not that much vary from each other's, and it confirms that the occurred disturbance of the integrity of red blood cells during the encapsulation process was minimal. However, it can be seen that hemoglobin -8.242±0.314% was released from the TIAs encapsulated erythrocytes compared to control erythrocytes -7.530±0.092%, after 6 h incubation at 37°C. At the same time, it is clear that the release of hemoglobin from TIAs encapsulated erythrocytes in a modified medium is less than encapsulated in an unmodified medium. In the experiment results (Tables 13 and 14) , it can be seen the noticeable stability of TIAs encapsulated erythrocytes were stored in the Na-Phosphate buffer at +4°C, according to that, can concluded it was an optimal condition for the storage of TIAs loaded erythrocytes (Figures 17 and 18) . During the period of storage, the encapsulated TIAs drugs in loaded erythrocytes have been varying; it was found that after 3 days, the TIAs content in the mean value -98.535%, after 7 days -95.964%, and after 14 days -24.780% compared to the encapsulated drug amount (Figure 19 ). 
Discussion
According to observations getting from the carried out experiments with isolated human erythrocytes, it can be concluded that used freshly isolated erythrocytes can be increased TIAs encapsulation into erythrocytes. However, modified preswelling hypotonic lysis method did not allow to achieve fair TIAs encapsulation efficiency with freshly isolated erythrocytes. For the purposes of achieving to higher efficacy of encapsulation was developed a new encapsulation technique to increase the TIAs encapsulation efficiency based on the osmatic presser gradient through intra and extracellular matrix of erythrocytes and was achieved ~15-20% improvement of TIAs encapsulation efficacy. Based on the results, it can be concluded that the encapsulate TIAs drugs into erythrocytes applying hypotonic lysis method in the modified incubation medium, TIA: PEG -1:20 (w/w) is optimal concentration ratio for prepare TIAs encapsulated erythrocytes. The achieving to higher TIAs encapsulation efficiency was depended on the presence of PEG-4000, PEG-400, and DMSO in the incubation medium. In an unmodified medium (in the absence of an aprotic solvent, and PEG), the loading efficiency of VCR and VLB was 42.963±2.648% and 44.266±2.432%, respectively. In a modified incubation medium containing DMSO (2 mg/ml), was demonstrated in a statistically significant increase of drug inclusion into erythrocytes -up to 61.071±3.2102% for VCR and 62.425±3.14% for VLB (P<0.05).
In the carried out experiments were found some changes of physicochemical indices of TIAs encapsulated erythrocytes and control erythrocytes, such as EMPI, ρ, C%, Cw (Figure 9 ). The occurred physicochemical changes on erythrocytes can affect to the life cycle of TIAs encapsulated erythrocytes in the human body. According to the results (Table 6) , it can be seen that in the encapsulation process, the erythrocyte membrane permeability was increased, this observation can be confirm the calculated values of the EMPI of control erythrocytes 1.326±0.002, and TIAs encapsulated erythrocytes 1.458±0.025 (P<0.05). Moreover, also seen the erythrocytes, encapsulated in the modified incubation medium contain PEG (TIA:PEG -1:20), have shown less EMPI than encapsulated in an unmodified environment. Some of the research carried out by different researchers confirmed, PEG can be reduced erythrocyte aggregation and has the ability to mask epitopes antigens in the cell membrane. Also, PEG provides reliable protection against the effects of extreme environmental factors and minimizes damage can occur to cell membranes. Additionally, the results were collected in this study, have confirmed that research evidence. Based on the results of physicochemical indices of TIAs encapsulated erythrocytes, we can suggest a hypothesis that the containing PEG in the incubation medium can stabilize and restores erythrocyte membranes at the TIAs encapsulation process. Therefore, the erythrocytes were recovered after the resealing with a good morphological and physicochemical indices: in diameter ~85.67%, V RCB /V SA -~98.33%, EMPI -9.95% ( Figure 10) , and those parameters are relatively good compared to control erythrocytes, according to these observations can make conclusion, in this experiment TIAs encapsulated erythrocytes was obtained with minimal erythrocytes integrity damages.
The based on results, the determination of the aggregation capacity of erythrocytes after TIAs encapsulation can suggest that the reinfusion TIAs encapsulated erythrocytes would not have a negative effect on microcirculatory processes in the body. In the conducted in vitro experiments were noticed over ~50% drug released from the TIAs loaded erythrocytes during 6h at 37°C, and drug release kinetics indicated that drug release was best supported by Higuchi's model. Besides, as a drug delivery system TIAs encapsulated erythrocytes were shown fairly good in vitro drug released curve (Figures 13-15 ). In the results, it can be seen that the average drug release rate from the loaded erythrocytes which were encapsulated in the medium containing PEG is approximately close to each other's. According to, this kind of observation can make conclusion, the PEGs have ability to maintain the erythrocyte membrane stability and the cell shape during the encapsulation process. During the storage, the content of TIAs in loaded erythrocytes was reducing continuously; it was established that after 3 days, the TIAs content in the mean value ~98.535%, after 7 days 95.964%, and after 14 days 24.780% from the encapsulated drug amount. The most likely associated cause may be higher damage caused by the cell membrane integrity and cells deformation during the storage period.
Conclusion
Based on the conducted analysis, it can be concluded that the TIAs encapsulation into erythrocytes has been successful with good encapsulation efficiency. The stability and functionality of TIAs loaded erythrocytes was demonstrating relatively good performance with comparison to control erythrocytes and can be suggested to conduct in vivo experiment in animals to determine the therapeutic potential compared to the free drug forms. The storage period and conditions for isolated erythrocytes were determined as 7 days at +4°C in Na-Phosphate buffer (pH 7.4) with 3% dextran, and VCR and VLB encapsulated erythrocytes -no more than 3 days at +4°C. In the long term, it is possible to prolong the storage period of VCR and VLB encapsulated erythrocyte after freeze-drying up to 6 months as a lyophilisate of TIAs encapsulated erythrocytes.
